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Human T-cell leukemia virus type 1 (HTLV-1) Tax protein induces the expression of various family members of the
transcription factor AP-1, such as c-Jun, JunD, c-Fos, and Fra-1, at the level of RNA expression in T cells. We examined the
activity of Tax in transcription through AP-1-binding sites (AP-1 site) in T cells. Transient transfection studies showed that Tax
activated the expression of a luciferase gene regulated by two copies of an AP-1 site in the human Jurkat T-cell line. Tax
activates the expression of viral and cellular genes through two different enhancers: a cAMP-responsive (CRE)-like element
and a kB element. Two Tax mutants differentially activated expression of these two elements. Tax703 preferentially activated
the kB element but not the CRE-like one, whereas TaxM22 showed the reverse. In addition, Tax703 and Tax, but not TaxM22,
converted cell growth of a mouse T-cell line from being interleukin (IL)-2-dependent to being IL-2-independent. Unlike the
wild-type Tax, Tax703 and TaxM22 only weakly activated the AP-1 site in the T-cell line. Thus, Tax seems to activate the AP-1
site via mechanisms distinct from those of kB or CRE-like elements, and the activation of the AP-1 site is dispensable for
IL-2-independent growth of CTLL-2. Electrophoretic mobility shift assays showed that Tax induced strong binding activity to
an AP-1 site in CTLL-2, whereas Tax703 did not, indicating that the induction of binding activity to the AP-1 site is essential
for the transcriptional activation by Tax. The binding complex induced by Tax in CTLL-2 contained JunD and Fra-2. Other AP-1
proteins were undetectable. Activation of transcription through the AP-1 site in Jurkat cells by JunD and/or Fra-2 was weak.
c-Jun, JunB, and c-Fos activation was greater, although the level was still less than that with Tax. Thus, the induction of AP-1
mRNA by Tax may not be sufficient for a complete activation of AP-1 site by Tax. Our results suggest that Tax activates the
transcription of cellular genes with AP-1 sites by inducing the DNA-binding activity of AP-1 proteins in T cells, a mechanism
distinct from those of CRE-like and kB elements. © 2001 Academic Press
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Adult T-cell leukemia (ATL), an aggressive form of
human leukemia, is characterized by the dysregulated
proliferation of CD4-positive T cells (Uchiyama, 1997;
Uchiyama et al., 1977). Human T-cell leukemia virus type
(HTLV-1) is the causative agent of ATL (Hinuma et al.,
981; Poiesz et al., 1980; Yoshida et al., 1995), which
mmortalizes primary human T cells in vitro (Miyoshi et
l., 1981; Yamamoto et al., 1982).
HTLV-1 encodes a 40-kDa nonstructural protein, Tax.
his protein plays various roles in the development of
TL. Tax transforms rodent fibroblasts in vitro (Pozzatti et
l., 1990; Tanaka et al., 1990) and immortalizes primary
uman T cells in the presence of interleukin (IL)-2
Grassmann et al., 1992; Akagi and Shimotohno, 1993).
ransgenic animals carrying Tax develop various types
f tumors, such as fibrosarcomas (Nerenberg et al., 1987)
nd large granular lymphocytic leukemia (Grossman et1 To whom correspondence and reprint requests should be ad-
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38l., 1995). In addition, Tax inhibits various types of apo-
totic processes (Brauweiler et al., 1997; Copeland et al.,
994; Kishi et al., 1997; Mulloy et al., 1998; Tsukahara et
l., 1999) and promotes cell cycle progression (Low et al.,
997; Schmitt et al., 1998; Suzuki et al., 1996).
Tax induces the expression of a number of cellular
enes, such as those encoding growth factors (IL-6,
ransforming growth factor-b, OX40 ligand, granulocyte-
macrophage colony-stimulating factor) and their recep-
tors (a-chain of IL-2 receptor, OX40), the antiapoptotic
protein Bcl-xL, chemokines (IL-8, SDF-1), and cyclin D2
(Arai et al., 1998; Cross et al., 1987; Inoue et al., 1986; Kim
et al., 1990; Maruyama et al., 1987; Miura et al., 1991;
Santiago et al., 1999; Yamashita et al., 1994; Yoshida,
1995). Tax also represses the transcription of several
cellular genes such as DNA polymerase b and p18 [an
inhibitor of cyclin-dependent kinases (Cdk)] (Jeang et al.,
1990; Suzuki et al., 1999). Tax-regulated genes are
thought to be involved in the dysregulated phenotypes of
T cells infected with HTLV-1 and, hence, the leukemo-
genesis of HTLV-1 (Yoshida, 1995).
Tax activates the transcription of viral and several
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39AP-1 ACTIVATION BY TAXcellular genes through multiple distinct enhancers.
Among these, the cAMP-responsive element (CRE)-like
elements in the HTLV-1 gene and the kB element in
cellular genes have been those most extensively studied
(Yoshida et al., 1995). These genes are activated by Tax
through different mechanisms. Tax forms a complex with
the transcription factor CREB (CRE binding protein) and
its coactivator CBP (CREB binding protein)/p300 bound
to the CRE-like element and subsequently activates tran-
scription (Kwok et al., 1996; Suzuki et al., 1993; Yin and
Gaynor, 1996; Zhao and Giam, 1992). On the other hand,
Tax interacts with IkBs [inhibitors of transcription factor
nuclear factor (NF)-kB], IKKg (a component of IkB kinase
complex), and MEKK-1 (an upstream kinase of IKK) to
induce degradation of IkBs (Chu et al., 1999; Harhaj and
un, 1999; Jin et al., 1999; Mori et al., 1999; Suzuki et al.,
993; Watanabe et al., 1993; Yin et al., 1998). Once IkBs
re degraded, NF-kB translocates into the nucleus, binds
to the kB element, and activates transcription.
HTLV-1-transformed T-cell lines exhibit high expres-
sion levels of mRNAs encoding various AP-1 transcrip-
tion factor family members, such as c-Jun, JunB, JunD,
c-Fos, and Fra-1. Four of these factors (c-Jun, JunD, c-Fos,
Fra-1) can be shown to be activated by Tax in the human
T-cell line Jurkat (Fujii et al., 1991, 1988; Nagata et al.,
1989; Tsuchiya et al., 1993). Genes encoding AP-1 are
immediate-early genes induced by growth signals in
various types of cells, including T cells, and their prod-
ucts play crucial roles in cell activation, proliferation, and
transformation. Thus, AP-1 is also a candidate involved in
the dysregulated phenotypes of T cells infected with
HTLV-1.
In the present study, we examined the effects of Tax on
gene expression regulated by AP-1-binding sites (AP-1
site) in T cells. Our results indicate that Tax can activate
AP-1 site-dependent transcription in T cells and that the
FIG. 1. Tax activates AP-1-site-dependent transcription in a T-cell
line. A luciferase plasmid with (2xAP-1-Luc) or without AP-1 sites
(250-Luc) was transfected into Jurkat cells together with a Tax expres-
sion plasmid by DEAE dextran method as described under Materials
and Methods. The expression plasmid for Renilla luciferase was also
cotransfected into cells. Luciferase activity in the cells was normalized
relative to that of Renilla luciferase.mechanism of such activation is different from those of
the kB and CRE elements. We also discuss the role of theAP-1 complex in the context of dysregulated phenotypes
of T cells infected with HTLV-1.
RESULTS
Activation of AP-1-site-dependent transcription by Tax
We first examined the effects of Tax on AP-1-site-
dependent transcription in the human Jurkat T-cell line.
The reporter plasmids consisted of a luciferase gene
under the control of either the minimal IL-8 promoter with
two copies of an AP-1 site from the IL-8 gene (2xAP-1-
Luc) or the minimal IL-8 promoter alone (250-Luc) (Fig.
1). The reporter plasmids were transfected into Jurkat
cells together with a Tax expression plasmid. Tax effi-
ciently activated the expression of the luciferase gene
from 2xAP-1-Luc in Jurkat cells. Tax also activated 250-
Luc, but the activation was markedly less than that of
2xAP-1-Luc (Fig. 1). These results indicate that Tax can
activate transcription through an AP-1 site in a human
T-cell line.
Tax can activate the transcription of viral and cellular
genes through two different enhancers: a CRE-like se-
quence and a kB element. Two well-known Tax mutants,
TaxM22 and Tax703 (M47), differentially activate these
pathways (Smith and Greene, 1990; Akagi et al., 1997;
atsumoto et al., 1997). For example, TaxM22 can acti-
ate the CRE-like element but not the kB element,
whereas Tax703 preferentially activates the kB element
but not the CRE-like element in various cell lines, includ-
ing Jurkat (Smith and Greene, 1990; Akagi et al., 1997;
Matsumoto et al., 1997). Tax703 activated 2xAP-1-Luc by
only twofold in Jurkat cells, whereas TaxM22 had little or
no effect (Fig. 2). On the other hand, the two mutants
together activated 2xAP-1-Luc at one-third the level of
wild-type Tax. These results indicate that Tax activates
the AP-1 site via a mechanism different from the kB and
FIG. 2. Activation of AP-1-site-dependent transcription by Tax mu-
tants in Jurkat cells. A luciferase plasmid with either AP-1 site (2xAP-
1-Luc) or the CArG box (CArG-Luc) was transfected into Jurkat cells
together with the expression plasmids encoding Tax or indicated mu-
tant proteins. Luciferase activity in the cells was normalized relative to
that of Renilla luciferase.
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40 IWAI ET AL.CRE-like elements in a T-cell line and that the coexpres-
sion of TaxM22 and Tax703 can activate an AP-1 site.
Tax activates the transcription of the c-fos gene
through a CArG box enhancer (Fujii et al., 1992). To
xamine the role of c-Fos in Tax-dependent activation of
he AP-1 site, we measured the ability of the Tax mutants
o activate the CArG box. Tax efficiently activated the
xpression of the luciferase gene regulated by the CArG
ox in Jurkat cells. TaxM22 and Tax703 also activated
ArG-luc, although their activities were 44 and 65% of
hat of wild-type Tax. Thus, activation of the CArG box by
he Tax mutants is distinct from activation of the AP-1
ite, and therefore activation of c-fos is not sufficient for
ax-dependent activation of the AP-1 site.
ax induces high binding activity to AP-1 site in a
ouse T-cell line
We recently established T-cell lines that expressed
igh levels of Tax (Iwanaga et al., 1999). Parental CTLL-2
s a mouse T-cell line that grows only in the presence of
L-2, whereas cells expressing either Tax or Tax703, but
ot TaxM22, grow in the absence of IL-2 (Iwanaga et al.,
999). We examined the binding activity to an AP-1 site in
TLL-2 cells expressing Tax or Tax mutants by electro-
horetic mobility shift assay (EMSA). Oligonucleotides
ontaining the consensus AP-1-site sequence from the
ollagenase gene were used as a probe for EMSA.
TLL-2 cells cultured in the presence of IL-2 displayed
igh binding activity to the AP-1 site, and withdrawal of
L-2 from the culture markedly reduced the activity (Fig.
). In contrast, CTLL-2 cells expressing Tax displayed
FIG. 3. Tax induces constitutive binding activity to AP-1 site in CTLL-2
–5) or absence (lane 1) of IL-2 as well as CTLL-2 expressing Tax (
ncubated with an AP-1-site oligonucleotide labeled with [g-32P]ATP i
ligonucleotides (lane 11). The complex was separated using a 5% poigh binding activity in the absence of IL-2. Titration of
uclear extracts indicated that AP-1 activity in CTLL-2ells expressing Tax was half of that of CTLL-2 cells
ultured in an IL-2-containing medium. The binding ac-
ivity induced by Tax was specific, because it could be
ompeted away using a homologous oligonucleotide
TRE; TPA responsive element) but not an oligonucleo-
ide containing a mutated AP-1 site (TRE-M). In addition,
ll three CTLL-2 cell lines expressing Tax exhibited high
inding activity to the AP-1 site (Fig. 4B). We obtained
imilar results with an AP-1-site sequence from the IL-8
ene (data not shown). These results indicate that Tax
nduces binding to an AP-1 site in CTLL-2 cells.
Unlike Tax, all three CTLL-2 cell lines expressing
ax703 displayed AP-1 binding activities equal to or
lightly higher than those of CTLL-2 cultured in IL-2-free
edium (Fig. 4B). Thus, Tax703 cannot induce binding
ctivity to an AP-1 site in CTLL-2 cells. This explains the
nability of Tax703 to activate AP-1-site-dependent tran-
cription in Jurkat cells. These results also indicate that
he activation of the AP-1 site by Tax is not essential for
L-2-independent growth of CTLL-2, because like wild-
ype Tax, the growth of all three CTLL-2 expressing
ax703 was persistently IL-2-independent for more than
years (Iwanaga et al., 1999). CTLL-2 expressing
TaxM22 in the absence of IL-2 also showed low binding
activity equivalent to that of CTLL-2 cultured in the ab-
sence of IL-2 (Fig. 4B), although the amount of TaxM22
protein in CTLL-2 was much less than that of CTLL-2
expressing wild-type Tax (Fig. 4A).
AP-1 proteins are composed of members of the Jun
and Fos families. Jun family proteins (c-Jun, JunB, JunD)
by themselves can bind to the enhancer sequence,
ar extracts were prepared from CTLL-2 cultured in the presence (lanes
–11). The indicated amount of nuclear extract (2.5–20 mg) was then
bsence (lanes 1–9) or presence (lane 10) of homologous or mutant
amide gel.. Nucle
lanes 6whereas Fos family proteins (c-Fos, Fra-1, Fra-2, FosB)
bind only as a heterodimer with Jun proteins. To identify
41AP-1 ACTIVATION BY TAXwhich family members constituted the Tax-induced DNA-
binding activity in CTLL-2 cells, the nuclear extract was
pretreated with antibodies to the respective AP-1 pro-
teins before the probe was added. The addition of anti-
bodies against JunD and Fra-2 induced a new slow-
migrating complex, whereas the other antibodies had
little effect on the binding (Fig. 5A). Similarly, anti-JunD
and anti-Fra-2 antibodies incubated with the nuclear
extract from IL-2-treated CTLL-2 cells induced a new
complex (Fig. 5B). To confirm the specificity of anti-AP-1
antibodies, we performed two control experiments.
Antibodies against c-Fos, Fra-1, c-Jun, and JunD in-
duced a supershifted complex in a human stomach can-
cer cell line, Kato III, using the AP-1 site of IL-8 gene as
a probe (Fig. 6A). This indicated that at least c-Fos, Fra-1,
and c-Jun antibodies are also functional in this assay
when the complex contains sufficient amount of the
FIG. 4. Tax mutants cannot induce binding activity to AP-1 site in
CTLL-2. (A) Cell lysates were prepared either from CTLL-2 trans-
fected with vector plasmid (pH-bbPr.1-neo; Vec-1) or from CTLL-2
clones expressing Tax or indicated Tax mutant proteins. The expres-
sion of Tax protein in cell lysates was measured by Western blotting
analysis using anti-Tax antibody (Taxy-8). (B) CTLL-2 clones ex-
pressing the indicated Tax mutants were cultured in the absence or
presence of IL-2. Nuclear extracts were prepared from the cells, and
the binding activity to AP-1 site was measured by EMSA. Labeled
AP-1-site oligonucleotide of the collagenase gene was used as a
probe for EMSA.appropriate protein. In addition, none of antibodies
against AP-1 affected the binding of NF-kB in CTLL-2cells expressing Tax (Fig. 6B). The AP-1 complex in Kato
III cells and the NF-kB complex in CTLL-2 cells express-
ing Tax were both specific, because they were selec-
tively inhibited by a homologous oligonucleotide but not
by an oligo containing a mutated binding site or a TRE
(Fig. 6). Considered together, these results suggest that
both Tax-induced and IL-2-induced complexes contain at
least JunD and Fra-2 proteins.
Activation of AP-1-site-dependent transcription
by AP-1
Finally, we examined the activity of AP-1 proteins on
AP-1-site-dependent transcription in Jurkat cells. Either
JunD, Fra-2, or both activated luciferase expression reg-
ulated by an AP-1 site by only three- to fivefold (Fig. 7).
Among the AP-1 proteins used here, c-Jun, JunB, and
c-Fos activated transcription to a greater level than JunD
and Fra-2, but the extent of AP-1-dependent activation
was still less than that of Tax. Activation by c-Fos and
c-Jun was specific, because it was not observed with the
250-Luc construct, which does not contain an AP-1 site.
DISCUSSION
Although Tax induces the expression of genes encod-
ing multiple AP-1 proteins at the mRNA level, whether
Tax activates the transcription of cellular genes through
an AP-1 site remains undetermined. In the present study,
we showed that Tax stimulated transcription from a re-
porter with two copies of an AP-1 site in a T-cell line (Fig.
1). These results indicate that Tax activates the transcrip-
tion of cellular genes with AP-1 sites in T cells. This
therefore may play a role in the dysregulated phenotypes
of HTLV-1-infected T cells.
Tax induces high binding activity to the AP-1 site of the
collagenase gene in T-cell lines (Fig. 3, and Fujii et al.,
1991), but it cannot activate transcription from this gene
(data not shown). Thus, activation of genes with AP-1
sites by Tax requires function or functions other than the
induction of binding activity to the AP-1 site. Tax activates
transcription from the IL-8 gene, where either mutation of
the AP-1 site or the kB element abolishes Tax-induced
activation (Mori et al., 1998). Thus, Tax can activate the
AP-1 site together with the kB element in the context of
a minimal IL-8 promoter (Mori et al., 1998). Here, we used
a dimer of the AP-1 site without the kB element in a
minimal IL-8 promoter. This reporter was also efficiently
activated by Tax (Fig. 1). Thus, at least two types of genes
with AP-1 sites can be activated by Tax. One has both an
AP-1 site and kB element, and the other has multiple
AP-1 sites. It should be noted, however, that Tax did not
always activate the transcription through multimeric AP-1
site (data not shown). Thus, the minimal IL-8 promoter
uses another mechanism to respond to Tax.The exact mechanism by which Tax activates tran-
scription through the AP-1 site remains unidentified. The
roteins
ift com
o
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42 IWAI ET AL.AP-1 complex induced by Tax in CTLL-2 cells contained
JunD and Fra-2 (Fig. 5), but they only weakly activated
transcription through the AP-1 site in a T-cell line (Fig. 7).
On the other hand, c-Jun, JunB, and c-Fos activated
FIG. 5. Components of AP-1 in CTLL-2. Nuclear extracts were prepar
(B). The extracts were treated with antibodies against indicated AP-1 p
separated using a 5% polyacrylamide gel. Arrows indicate the supersh
FIG. 6. Specificity of anti-AP-1 antibodies. (A) Nuclear extracts were
treated with antibodies against the indicated AP-1 proteins and then inc
(lanes 1 and 5–12) or presence (lane 2) of homologous oligonucleotide
Arrows indicate the supershift complex. A specific complex is also m
antibodies against the indicated AP-1 proteins and then incubated witr presence (lane 2) of a homologous oligonucleotide or TRE (lane 3). The form
s marked as NF-kB.transcription through an AP-1 site more efficiently than
JunD and/or Fra-2, but they were undetectable in Tax-
induced complex in CTLL-2 (Fig. 7). Thus, the well-known
induction of multiple AP-1 mRNA by Tax is likely to be
CTLL-2 expressing Tax (A) or CTLL-2 cultured in the presence of IL-2
and then incubated with an AP-1-site probe. The formed complex was
plex. A specific complex is also marked as AP-1.
d from the human stomach cancer cell line Kato III. The extracts were
with an AP-1 site probe derived from the IL-8 gene (A) in the absence
ant oligomers (lane 4), or AP-1 sites of the collagenase gene (lane 3).
s AP-1. (B) The extracts of CTLL-2 expressing Tax were treated with
probe derived from interferon gene (A) in the absence (lanes 1, 3–10)ed fromprepare
ubated
s, mut
arked a
h a kBed complex was separated by 5% polyacrylamide gel. Specific complex
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43AP-1 ACTIVATION BY TAXessential, but may not be sufficient, for the transcriptional
activation of the AP-1 site by Tax. Tax may also have
another function in transcription through an AP-1 site.
Because the DNA-binding activity and the transcriptional
activation function of AP-1 are regulated at a posttrans-
lational level, Tax may be involved in this regulation. For
instance, Tax may stimulate the transcriptional activation
function of AP-1 proteins, because it can interact with
CBP, a coactivator of various transcription factors, includ-
ing AP-1 (Kwok et al., 1996; Yin and Gaynor, 1996). Wag-
ner and Green (1993) showed that Tax stimulated the
DNA-binding activity of c-Jun by stimulating the dimer-
ization activity in vitro. Further analysis, especially the
echanism of the posttranslational modification of AP-1
roteins by Tax, is required to elucidate the mechanism
f transcriptional activation of the AP-1 site by Tax.
Our results showed that activation of AP-1-site-depen-
ent transcription by a mutant Tax protein was distinct
rom that of the CArG box in Jurkat cells (Fig. 2). Thus,
ctivation of c-fos transcription through the CArG box is
ot sufficient for AP-1-site-dependent transcription by
ax. In addition, Tax activation of the AP-1 site was
istinct from that of the kB element and CRE-like ele-
ent. Thus, Tax activates the AP-1 site via a mechanism
ifferent from that of the three Tax-inducible enhancers.
ax703 and TaxM22 only slightly activated AP-1 site-
ependent transcription, but interestingly their coexpres-
ion was one-third of that of wild-type Tax (Fig. 2). These
esults suggest that two distinct functions, such as the
nduction of AP-1 proteins and the posttranslational mod-
fication of AP-1 as discussed earlier, are both required
or the activation of the AP-1 site. Alternatively, TaxM22
nd Tax703 may form a heterocomplex, and the complex
ay in part restore wild-type Tax-like activation of the
P-1 site, because Tax functions as a dimer (Jin and
FIG. 7. AP-1 proteins stimulate AP-1-site-dependent transcription in
urkat. A luciferase plasmid with (2xAP-1-Luc) or without AP-1 sites
250-Luc) was transfected into Jurkat cells together with an expression
lasmid encoding indicated AP-1 proteins by the DEAE-dextran
ethod. Luciferase activity in the cells was normalized relative to that
f Renilla luciferase.eang, 1997).
IL-2 induces AP-1 activity in T cells, and the inductionis required for maximum cell proliferation (Miyazaki et al.,
1995). Thus, at first we expected that AP-1 activation was
at least in part required for IL-2-independent growth of
CTLL-2 induced by Tax. However, our results clearly
show that this was not the case. Therefore, we believe
that AP-1 is involved in other aspects of Tax functions in
HTLV-1-infected cells. In this regard, Akagi et al. (1997)
howed that Tax and Tax703 transform primary human T
ells in the presence of IL-2 with similar efficiency.
hereas cells transformed by Tax703 preferentially ex-
ress the CD8 subset marker, those transformed by
ild-type Tax express CD4, a marker of T cells trans-
ormed by HTLV-1. Thus, the function of Tax703 is suffi-
ient for IL-2-dependent transformation of human T cells,
ut those lacking Tax703 are required for the preferential
ransformation of CD4 T cells. AP-1 activation may be
nvolved in the selective transformation of CD4 T cells by
TLV-1.
MATERIALS AND METHODS
lasmids
Tax and tax mutant genes were cloned into pHbPr.1-
neo with a b-actin promoter for protein expression in
cells (Matsumoto et al., 1997). Tax mutants TaxM22 and
ax703 (M47) have been previously characterized, and
heir substituted amino acids (positions in parentheses)
ere Thr(130)Leu-SerAla for TaxM22 and Leu(319)Leu-
rgSer for Tax. For the expression of AP-1 proteins,
ouse c-jun and human junB, junD, c-fos, fra-1, and fra-2
DNA were cloned downstream of SV40 early promoter
n the pSG5 expression vector (Fujii et al., 1995). The
50-Luc is a luciferase plasmid regulated by a minimal
L-8 promoter (Mori et al., 1998). 2xAP-1-Luc was con-
tructed by introducing two copies of IL-8 AP-1 site
TGACTCATGACTCA) in front of a minimal IL-8 promoter
250-Luc). CArG-Luc is luciferase plasmid regulated by
inimum c-fos promoter with a c-fos CArG box as de-
cribed previously (Fujii et al., 1992). pRL-TK an expres-
ion plasmid for Renilla luciferase that was used to
ormalize the transfection efficiency.
ell culture
Jurkat, a human T-cell line, was cultured in RPMI 1640
upplemented with 10% FCS (RPMI/FCS). CTLL-2 is a
ouse T-cell line, the growth of which is dependent on
L-2. CTLL-2 cells expressing Tax, Tax703, and TaxM22
Iwanaga et al., 1999) were established by transfection
ith the respective expression plasmids. CTLL-2 cells
xpressing Tax or Tax703 were cultured in RPMI/FCS
ontaining 2-mercaptoethanol. CTLL-2 and CTLL-2 ex-
ressing TaxM22 were cultured in RPMI/FCS with 1 nM
uman recombinant IL-2 and 50 mM 2-mercaptoethanol.The human stomach cancer cell line Kato III was cul-
tured in DMEM containing 10% FCS.
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44 IWAI ET AL.Transient transfection and Luciferase assay
Jurkat cells (2 3 106 cells) were washed three times
ith RPMI 1640 and suspended in 1 ml of RPMI 1640.
ells were mixed with the luciferase plasmid (5 or 10
mg), the expression plasmid (10 mg), and pRL-TK (internal
control, 1 mg) and DEAE dextran (500 mg/ml) was added.
The total amount of plasmid was adjusted to 41 mg by
pHbPr.1-neo empty vector. The mixture was then incu-
ated at 37°C for 30 min with occasional mixing. After
he cells were washed with RPMI 1640 medium, they
ere cultured at 37°C for 48 h. Cell lysate was prepared
rom transfected cells, and the activity of luciferase as
ell as Renilla luciferase in the lysate was determined
y a luminometer. The activity of luciferase was normal-
zed relative to that of Renilla luciferase. The assay was
epeated at least three times to confirm reproducibility.
estern blotting
Cell lysate (25 mg) prepared from CTLL-2 or CTLL-2
cells expressing Tax or its mutants was resolved by
electrophoresis on 10% polyacrylamide gels and trans-
ferred to PVDF membranes (Amersham). Blots were in-
cubated with a mouse monoclonal anti-Tax antibody
(Taxy-8) (Tanaka et al., 1991), rinsed, and incubated with
anti-mouse immunoglobulin conjugated with horserad-
ish peroxidase (Bio-Rad). Proteins recognized by the
antibodies were visualized using the ECL Western blot-
ting detection system (Amersham). Dr. Yuetsu Tanaka
(Ryukyu University) kindly provided taxy-8 antibody.
EMSA
To prepare nuclear extract, cells (1 3 107) were
ashed with PBS containing 1 mM Na3VO4 and 5 mM
NaF and then treated with 0.2% NP-40 in lysis buffer
containing 20 mM HEPES (pH 7.9), 20 mM NaF, 1 mM
Na3VO4, 1 mM EDTA, 1 mM DTT, 0.5 mM PMSF, 1 mg/ml
eupeptin, and 1 mg/ml aprotinin. After centrifugation, the
pellets were further treated with lysis buffer supple-
mented with 420 mM NaCl and 20% glycerol at 4°C for 30
min, followed by centrifugation. The resultant superna-
tant was used as nuclear extract in EMSA. Nuclear
extract (20 mg) was preincubated with 1 mg of poly(dI-dC)
in 20 ml of a binding buffer containing 13 mM HEPES (pH
7.9), 65 mM NaCl, 0.15 mM EDTA, 8% glycerol, and 1 mM
DTT for 15 min on ice. Approximately 1 ng of labeled
oligonucleotide was added to the reaction mixture and
further incubated for 15 min at 25°C. The complexes
were separated from the free probe by electrophoresis in
5% polyacrylamide gel containing 0.5 3 TBE and 2.5%
glycerol and dried. Radioactivity in the dried gel was
analyzed by BAS5000 (Fuji Film, Kanagawa, Japan). A
double-stranded synthetic oligonucleotide correspond-
ing to AP-1 site (top strand: gatcGTGACTCAGCGCG)
from the collagenase gene was labeled with [g-32P]ATPby polynucleotide kinase and used as the AP-1-site
probe. AP-1 site (gatcGTGATGACTCAGGTT) from IL-8
gene and kB element (agctTTGGGAAATTCCTCGGGTG-
GTAC) from the interferon gene were also used as a
probe for EMSA. The sequence of the mutant AP-1-site
oligonucleotide is gatcGAAACTCAGCGCG. For the su-
pershift assay, nuclear extracts were pretreated with
antibodies against the AP-1 proteins on ice for 1 h and
then further incubated with the probe. The following
steps of this assay were identical to those of EMSA.
Antibodies against AP-1 proteins were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA).
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